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SUBSYSTEM MAME: CREITAL MANEUVEAING SYSTIM (SMS) .
REVISION : & 02/05/31

o - A v v v e ol M T A ol ol L N A TS SR

PART NAME PART NUMBER
VENDOR MAME YENDOR NUMBER
B .=l : YALVE, TANK I[SOLATION, 19X MC2RA.0230.0023,/0047
] PARKER HANNTTIN ©OTTECCE3-.33/.06
a LAk : VALVE, TANK [SCLATION, FUEL MC284-5430-002270028
g FARKER -AARNITIHN 5750630~ 03/106
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EXTEMDED DESCRIPTIOM OF PARY UNDER AMALYS[S: .
VALVE, TANK [3QLATICN, a,C. MOTGR AGTUATED, 11%/200 ¥, AL, 3-PHASC, <50
He, 1.0 AMP MAX (2-PMASE), 1.0 AMP {3 PHASE). (L7482, 384, 461, 4&3,
=62, 584, 541, 563}

GLANTITY OF LIKE ITEMS: 8
4 PIR POD [PARALLEL)

FUNCTION;

TWO PARALLEY, REDUMDANT ISOLATION VALVES ARE USED PER TANX TO [SQLATE OMS
PROPELLANT (QURING OMS CROSS-FEED. THEY ARE ALSO USED T PREVENT HELIUM
INGESTION TO ENGINE AT PROPELLANT RUM OUT, TO [SOLATE LEAXS BY MAMUAL
SWITCH ACTUATION, AND ARE ALSO USED QURING GROUND OPERATIONS. FUEL AND
OXIDIZER VALVE ARE DPERATED INDEFEMDENTLY FOR C/0. THE ACTUATOR ASSEMBLY
CONSISTS OF 115 v.A.C., 400 HZI, THREE PHASE MOTOR (CAPABLE OF 2Z-PHASE
OPERATION) QPERATING THROUGH A PLANETARY GEAR TRAIN WITH MICROSWITCRING
TO CONTROL MOTOR POWER. THE FLOW ASSEMBLY CUNSISTS OF LIFT-OFF BALL
VALVE ACTUATED THROUGH A KUTATING FINGER ORIVEM BY THE ACTUATOR. AN
INTERNAL RELIEF DEVICE IS5 PROVIDED., THERMAL SWITCHES ON EACH AL PHASE
iﬂ;igRUPT ELECTRICAL POWER WHEM YALVE HOUSING REACHES A TEMPERATURE GF
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REVISIONS & £3/08/%1 1
SUBSYSTEM: (OHEITAL MANEDQVERING SYSTEM [OME)
LR :vALJE, TAHK TIOLATION, (Qf CRITICALITY OF THIS
ITEM NAME: VALJE, TaHkK I5CLATIDN, FLEL FAILURE MOGE::i/ .
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FAILURE MCOE:
STRUCTURAL ralLiRE, cXTERAMAL LZ3Y

MISSION PHMASE:

PL PRELAUNCH

L LIFT=QFF

Co UN-JRBIT

0Q QE-ORBIT

LS LANDING SAFING

VEHICLE /PAYLQAD/KIT EFFECTIVITY: 122  COLUMELA
193 CISCOVERY
104 ATLANTIS
105 EMOEAWQUR

CAUSE:

BELLOWS LEAKAGE, PROFELLANT REACTION IN ACTUATOR ASSTHELY, POTCHTIAL
AUTD QECOMPOSITION QF FUEL WITH HEAT 1N ACTUATOR ASSEMBLY, EXCESSIVE
SURGE FPRESSURE,

CRITICALITY 1/1 DURING INTACT ABORT OMLY? NO

REDUMDANCY SCREEM A) H}ﬁ
a) N/A
C) H/A

:?SSJFAIL RATIONALE:

- FAILURE EFFECTS -
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(A) SUBSYSTEM: :
POTENTIAL PROPELLANT REACTION TH vaALVE ACTUATOR COULD CANSE vALWE/LINE
STRUCTURAL DAMAGE RESULTING IN EXTERNAL LEAX {INABILITY TD ISOLATE

LEAK).
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FALLURE MODES EFFECTS ANALYSIS (FMEA) - CRITICAL FAILURE MOQE

NUMBER: 03-3-2007-03

(B) INTERFACING SUBSYSTEM(S): i
JEZALASED JELTA 4 CAPABILITY, PGTINTIAL UNACCEIATAELE C@ JR=327 IF
PReoC L ANT CANMOT 3c CEPLETED, CORRDSIUN O&MAGE w1%RIM PCC.

(C) MISSION:

AZCRT DECIS IO,

(D) CREW, VEMICLE, AND ELEMENT(S):

PISSIBLE CREW/VERICLE LOSS IF FAILURE RESULTS (N EYCESSIVE L3SS OF
PRCPELLANT CR EAPLCSIVE WAZARD.

(E) FUNCTTOMAL CRITICALITY EFFECTS:
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(A) DESIGH:

GESIGN FACTCR OF SAFETY IS 2.0. (NTERNAL AELIEF DEVICE PREVENTS
TXCESSEYE PRESSURE EUTLEUP FROM THERMAL EFFTCTS. 2-PLY BELLOWS iM
VALVE FLOW SECTIGN ISOLATES PROPELLANT FRGM ACTUATGR ELECTRICAL
COMPONENTS.  THE BELLOWS IS FILLEY WITH KRYTOX TQ PROVIDE INTZRNAL
STRUCTURAL SUPPORT FOR THE SELLUWS. THERMAL SWITCH ON MOTAR
[NTERRUPTS POWER FOR FAIL ON.  REDUNDANT PARALLEL VALVES ARE
PROVIDED.

{8) TEST:

QUALIFICATION TEST

(4 UNITS), SHOCX, ENMDURANCE (2300 CyCLES), THERMAL CYCLING {+2Q 70

+150 QEG F), RANDUM VIBRATION, PROPELLANT EXPOSURE, SNRGE PRESSURE,
BURST {2000 PSI). ALSO QUALIFIED AS PART QF POD ASSEMBLY - VIBRO-
ACOUSTIC TESTIRG AT JSC {131 EQUIVALENT MISSIONS). HOT-FIRE TEST
PROGRAM AT WSTF.S517 TESTS (24 EQUIYALENT MISSIONS). APPROXIMATELY 7-
YEARS PROPELLANT EXPOSURE. LIME SURGE PRESSURE TESTING. ADODITIONAL
QUALIFICATION TESTING TQ BE PERFORMED FOR BELLOWS PROBLEMS - 100 MISSICN
LIFE TEST {(ACTUATING CYCLES AND SURGE PRESSURES) ON VALYES WITH DAMAGED
BELLDWS. THESE TESTS OISCLOSED THAT OEFUAMED BELLOWS CRACKED DUE TO
FATIGUE BETWEEN 11 7D 50 MISSIONS. SUBSEQUENT TO THE QISCOVERY QF
PROPELLANT LEAKAGE INTO THE BELLOWS, SPECTAL TESTS MAVE BEEN CONDUCTED
TO CETERMINE THE POTEMTIAL FOR AUTO DECCMPOSITION WITH SIMULATED
LEAKAGE INTO THE ACTUATOR CAVITY. NU AUTO DECOMPOSITION OCCURRED.

ACCEPTANCE TEST

SUBASSEMBLY, INLET/OUTLET SCREEN RATING, POSITIVE ACTUATION BARRIER
LEAKAGE, THERMAL PROTECTION SWITCH, PROQF PRESSURE AND EXTERNAL LLAKAGE,
INTERNAL LEAKAGE, RELIEF YALYE FUNCTION, ACCEPTANCE VIBRATION,
ELECTRICAL PERFIRMANCE, PRESSURE QROP, CLEANLINESS. ADDITIONAL

M3-4 = A7
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FAILURE MODES EFFECTS ANALYSIS (FMER) -~ CRITICAL FAILURE MODE L
NUMBER: 03-3-2007-03 PAGE 56 o

ACCIITANGE TESTING FIR NEW ¥ALYS BUILIS - 3ELLOWS LIWEL HELIUM LEAK

CRECE, RELIUM LEAK CAECK OF SFLLTWS 233EMBLY 2FTZR INSTALLATION INYD
WALJE ACTY BLT 2%[3R "0 KA¥TOX Flil, REICATED Filc, ~EIGH 2NHO ZLEAN

PROCISSZS TO VERISY WRYTIX FILL LIVEL,

SPCUND TLANARCLNG

J13030, 165 REQUIRES INIFF TEST 2F WALYE A(TUATIA L2777 E2CH
DS HAYT BEIN MCDIFTI) T) INABLE ShifF TI3Y5 72 22
FESFIRMED WITH 2505 [NSTALLID ON OJRSITEX.

JE3030.210 VERIFIES 40 EXTTRANAL LIAK FLRST FLIGHT.

4a3090.230 TOY.C YaPOR _IAK CHECK OF PACPELLANT “AMK FOR FIRST FLIGHT
Ahd CM CCNTINGEINCY 34505,

v49CB0.240 TOXIS VAPOR LIAK CHELK OF PROPELLANT FEZT SYSTEM “IRST
FLIGHT AMD N ZONTINGENCY BAS:S.

Y43CFD,J10 PERFORMS PROPELLANT SERVICING TO FLIGAT LOAD
EJERY FLIGHT AND VERIFIES PROPELLANT CINFORMANCE TO
££-8-3073.

$I0FSC.285 PERFIRMS FUNCTIGMAL TIST CF CRITICALITY I WALVES
FRE-LAUNCH.

AT,

 m (C) INSPECTION:

RECEIVIMG [NSPECTION
MATERIALS AND PROCESSES CERTIFICATION ARE VERIFIED BY INSPESTION.

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 200 FOR MMH AND 2004 FOR NTQ AND CORROSIOM
PROTECTION PROVISIONS ARE VERIFIED BY INSPECTION.

ASSEMBLY/THSTALLATION

MANUFACTUR NG, ASSEMBLY AND INSTALLATION PROCEDURES ARE VERIFIED BY
INSPECTION. CRITICAL GIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
INSPECTION. ADDITIGNAL [NSPECTIONS HAVE BEEN ADDED FOR NEW VALVE
AUILDS INCLUDING 100% [NSPECTION OF BELLOWS WELD, WELD SAMPLES 4T
BEGINNING OF CACH SHIFT, INSPECTION OF EACH COLLAR AFTER TRIMMING.
AELLOWS KRYTOX FILL VERIFICATION 15 ALSO PERFORMED.

NCMDESTRUCTIVE EVALUATION

CASTINGS ARE PENETRANT AND X-RAY INSPECTED ON THE DETAIL LEVEL, WELDS
RECEIVE VARIQUS COMBINATIONS OF X-RAY, PENETRANT, WISUAL 3NO LEAK TEST,
SGME WELDS SUCH AS BELLOWS END WELDS ARE NOT X-RAYED. BELLIWS ©ND
WELDS ARE LEAX TESTED AND VISUALLY EXAMIMED. THE VALVE IS5 X-RAY
INSPECTED AFTER PROOF PRESSURE TEST TQ VERIFY THAT THE BELLCWS HAS NOT
REFORMED.

CRITICAL PROCESSES
THE WELDING PROCESS AND VERIFICATION THAT WELOS MEET VERIFILATION

a1 _ oo
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AEJUIREMENTS ARE VERIFIED BY [NSPELTION. WELIING PER IPS 5732023,

coLOERTNG PER NHESICO.4 (33) 3ND KRYTOX FILL PER 2 EPS B7EQ0Z3 a2t
JERIFTED B INSPECTION.

=337 EGLTAMENT 4D T2OL CALIZRATICN SRE YERLIFIZD BY [MSPEITION.
SC0ZRTANCE TEST IS VERIFIED 3¥ [NSPEZTION.

HANDLING,/FAlKAGING
SENDLING, PACKAGING, STIRAGE AND SHIPPING SEQUIREMERTS :RE YERIFIZD 3Y
CNSPECT.ON.

m (D) FAILURE HISTORY:
THI1S FAILURE HISTCRY REFERS TO AND IS APPLICABLE TC BCTH THE CMS SND
ACS. A TOTAL 5F 13 AELLIWS FAILGRES HAVE JEEN 2LCCRALD T JATE FUR THE
GMS AND RCS. THESE FAILURES RESULT [N AN ACCUMULATION JF PROPELLAMT
aNf PROPELLANT YAPORS IN THE ACTUATOR ASSEMBLY, AND IN SEVEN CASES
RESYLTED IN THE FAILURES QF THE YALYE TQ FUNCTIGN. THE REMAINDER OF
THESE FAILJRES WERE DETECTED BY A SWIFF TEST OF THE ACTJATOR CAVIMY.

(1) 3R ACS013 RECCRDS EIGHT RELLONS FATLURES OUE TJ PCRCSITY (POROLS
WELDSY AT THE ENDS OF THE EMD ZOLLAR QR [N THE PARENT MATERIAL CF
THE BELLOWS.

¢ (2) CAR ADOO3S RECORDS FOUR BELLOWS FAILURES DUE TQ COLLAPSED BELLOWS
(INCLUDES ONE FAILURE FRGM ITEM (1) ABOVE WHICH ALSO EXHIBITED
POROSITY). THE EELLOWS COLLAPSE IS BELIEVED TD BE THE RESULT OF
ATR PRODF PRESSURE TESTING FOR BELLOWS WITH AH INADEQUATE KRYTQX
GREASE FILL LEYEL.

(3) CARS AD3375 AMD AQ1730 ARE TWD LEAKAGE FA[LURES WHICH HAVE NOT
BEEN EVALUATED YET, BUT ARE BELIEVED TO BE CALUSED BY CONDITICHN (1}
SINCE THEY ARE DETECTED BY SNIFF TEST.

CORRECTIVE ACTION:

ALL INSTALLED VALYES HAVE BEEN INSPECTED BY ¥-RAY FOR BELLOMS
DEFORMATION; YALVES WITH AN ACCEPTABLE LEVEL OF DEFQRMATION (CRITERIA
NEFIMED BY RI SPEC MPPSOIMTS0/MOB) WILL BE REPLACED BEFORE FLIGHT.
SHIFF LINES ARE BEING ADDED TO EACH VALVE TD ALLDW A SNIFF TEST TO BE
PEAFURMER EACH FLIGHT WITHOUT REQUIRING FOD REMOVAL. IMPROVED WELDS
PROCESSES aND TIGHTER RELLOWS LEAK CHECK CRITERIA ALONG WITH AN
IMPROVED PROCESS FOR FILLING THE BELLCWS LEAKS JITH KRYTOX, HAVE BEEN
IMPLEMENTED FOR FUTURE YALVE BUILDS.

A TEST PROGRAM WAS CONDUCTED USING TWO AC MOTORS AND TWwQ COMPLETE

ACTUATCRS TO DETERMINE IF IGNITION OF THE MMH VAPOR INSIBE THE
ACTUATOR WAS POSSIBLE WITH CONDITIONS RZSULTENG FROM THE APPLICATICH OF

ND3i=1 - Qg
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FrECTRICAL POWER,  [W THE MQTRR ONLY TEIT, MOTIR FIILURE A% A REZULY
CF MvH ATTACK OF THE MCTOR WINDING INSULATION JCIURRED AFTIR B JAYS {9
STAL. ZYCLES)Y. AEAK MOTOR TEMPEIATIRES WERE APPROAIMATELY IC0 2EG, 7
EXCERT OURING THE SHCATING, WHEN MELTING JF T-2 [CPPER WINDINGS
-HD;"T‘] A LITAL TEMP, IF AFPROY, 18900 DEZ, <. WMLz WO TGNITION
ALOURSED ) TEST SHOWED THAT SOME TREAMAL|Y TNOUCED JECCMPOSITION TCCK
PLACE MOWEVER 17 WAS QT SLFFICIENT TQ PROQUCEZ & SUSTAIWED REACTICN,

INE ACTUATOR TEST wAS PERAFCRMED 3Y STALLING THE MCTCRE THESE “1373
SRCWED A WAX MOTOR CASE TEMP CF 2PPACXIMATELY 340 QES =, T7HIS 7357
WAS [NTERRUPTED 3Y AN UHHELAlEj FLILLRE AFTER LESS THAN TWC D2¥3 JAND
WILL 3E RE-RUN. THE JTHER ACTUATIR WES RAUN WITH NORMAL CYCLES (WO
MOTOR STALLING); THIS ACTUATCR FUNCTIONED NMORMALLY THRCUEHLUT “HE
TNTIRE F0-04Y TEST OURATICN.

A CELTA WERIFICATION TEST WAS COMOUCTEZD ON THE THREE 7ALVES WITH WOR3V

CASE EELLJHS JEZCAMATICN [THAT WOULD MAVE BEEN ALLCWED TO REMAIN ON THE
FLTGAT YEAICLES 3Y THE BELLOWS X«2pY CRITEALA}. THIS TEST WAS 'HT'HEEJ
TD DEMCNSTRATE THAT THERE WAS N0 BELLCwS LIFE ESSUE WITH THE QEZREL OF

OEFIRMATICN TN THE EELLOWS LEFT QM THE FLIGHT WEHICLES. ALl THREC

VAL JES DEVELOPED BELLIWS LEAKS (REF CAR A01A37) DURING THE TZI57.

ONE VALVE COMPLETED S0 MISSIONS: THE OTHER 2 HAD COMPLETED 5 MISSICNS
AT THE TIME THE LEAKAGE WAS DETECTED. THE LEAKAGE WAS LE3S THAR 1 X
i0-5 $CCH OF HELIUM WITH KRYTOUX [N THE BELLOWS. THE 50 - MISSICN YALVE
HAS BEEN TGRM DOWN FOR FAILURE ANALYS[S; WHEM THE KRYTOX WAS REMOVED,
THE LIAKAGE WAS OVER .5 $CCH THROUGH THRET DIFFCRENT LEAK PATHS. THE
FAILURE WAS ATTREISBUTED TQ FATIGUE.

THE TWO YALWES THAT FAILED AT 5 - MISSIONS HAD POEVIQUSLY COMPLETED 5
AND & ACTUAL MISSIONS RESPECTIVELY; THESE VALVES COMPLETED AN
ADDITIONAL S MISSIONS AFTER THE FALLURES WERE DETECTED. THESE VALVES
HAVE SEEN PLACED IN A PROPELLANT COMPATIRILITY TEST TQ (A} DETERMINE
THE RELATIONSHIP SETWEEN HELIUM AND PROPELLANT LEAXAGE AND (B) VERIFY
THAT A FAILED BELLOWS WOULD BE DETECTABLE DY SMIFF TEST BEFORE THE
‘PROPELLANT £AUSED THE VALVE TO FAIL TO FUNCTION. THE VALVE EXPOSED TO
DXIBTZER SHOWED SIGNS OF LEAKAGE WITHIN THE FIRST DAY (288 FPM) AND
AFTER 30 OAYS THE LEVEL OF QXIDIZER CONCENTRATION WAS 13000 PPM.

THE OXIDIZER VALVE WAS CYCLED OPEN AND CLOSED EVERY THREE TQ FIWE DAYS
DURING THIS PERIOD AND THE ONLY DEGRADATION WAS A SLIGHTLY SLCWER
ACTUATION TIME. THE VALYE EXPOSED TOQ FUEL HAS SHOWN NG CETECTABLE MMH
VAPDR, AND HAS SUFFERED NO DESRADATIUN IN FUNCTIGON.

TO OATE, THE DATA ACCUMULATED DEMONSTRATES THAT THE EACH-FLIGHT SNIFF
TEST WILL IBENTIFY A FAILED BELLIWS BEFORE THE PROPELLANT VAPOR CAM
ACCUMULATE IN THE ACTUATCR TQ THE EXTENT THAT THE ¥ALVE FUNCTION I3
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TMPA[RING CR A QETOMATIIN HAZARD EXI3TS.

(E} GPERATIONAL USE:

USE PIATGET AJCUST BURY "0 DIP_ETT PRGPELLANT SI0M LIAKING PRO (LT 0F
PLANE IIMPONENT [T NECZSIAAYY  AND REIUCT CEL7A ¥ RECUIREMENTS FoR
CEJRBIT, AFTIR LISKED PRCPT__ANT HAS 2[3PERSED, PEATORM DECR3IT ZURM
WiTH 2000 PCO,
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RELIACBILITY ENSIKEERING: J. N. HART
DESIGN ENGINEERING 1 ¥, F. ROINOS
QUALITY ENGINEERIKG + 0. J. BUTTHER
HASA RELIABILITY i
MASA SUBSYSTEM MANAGER @
NASA QUALITY ASSURANCE :
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